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SUMMARY 
The major findings from this project are as follows:-
1) The salmon stock in 1993 was dominated by two year old 
smolts. This varies from year to year. 
2) Smolt age appears to have no effect on determining the 
fishes return as a grilse or MSW in any year sampled. 
3) Weight breakdown indicates that grilse can be allocated 
to a <9.51 lbs class and MSW fish to >9.51 lbs size class 
in all data. 
4) The weight/length relationship of salmon in 1993 
indicates an overall growth rate = 2.65, with a 
coefficient of determination = 82.5%. 
5) Sea trout smolt age is also dominated by two year old 
fish with 3 year old fish also being important. Some 4 
year old smolts were recorded. 
6) The sea trout population displays a normal population 
curve in terms of numbers of fish in each age and weight 
class. However, 0+ sea winter fish are under-represented 
due to capture methods. 4+ sea winter fish appear to 
have a smaller than expected year class strength. 
6) Weight/length relationships in 1993 showed very 
consistent regression equations for all sub samples, with 
a coefficient of determination >90%. 
7) For each age class <5+, a weight class can be allocated 
for sea trout. 4+ sea winter fish appear to have a higher 
weight class than 5+ fish. This may be due to a small 
year class leading to less competition for food 
resources. 
8) Previous spawning data indicates that net caught fish are 
less likely than their trap caught counterparts to have 
spawned in any age class. However any fish over 3+ will 
have previously spawned. 
9) The growth rate of salmon and sea trout is very similar 
even though salmon have the benefit of high sea feeding. 
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INTRODUCTION 
During 1993, a comprehensive data set of scale readings, 
length and weight measurements was established for migratory 
salmonids on the River Lune. This information was collected 
using three methods of fish capture:-
1. The Lune estuary commercial nets. 
2. River Lune Forge weir fish trap. 
3. River Lune rod catch scale returns. 
Additional information was contributed by the Kent, Leven and 
Duddon rod and commercial fisheries. 
The aims of this project were to:-
a. Identify the population structure of Salmon (Salmo salar) 
and Sea Trout (Salmo trutta) 
b. To assess the spawning history of the population. 
c. To establish if a weight/length relationship exists 
within the population and, if so, what implications 
this may have on future research. 
d. If a weight/length relationship is apparent, then is it 
possible to amplify this relationship to establish if a 
similar phenomenon exists between weight and age ? 
For ease of data handling, Salmon and Sea Trout will be 
considered separately. Similarly each method of capture will 
be initially treated as an individual sample. Thus if any 
method is selective for a particular age class or size of fish 
this can be established before the data sets are combined. 
METHODS 
Data was obtained from nets, trap and rod sources. Each fish 
caught was weighed, its fork length measured and scales 
removed from the shoulder region. 
Scales were read by three individuals without knowing the fish 
species or weight. A freshwater and sea age were assigned to 
each fish. All information was inputted on to a database. 
Several statistical and graphics packages were used to 
analysis the data. 
2 
SALMON STOCK OF THE RIVER LUNE 
RESULTS 
SALMON 
Net Sample 472 fish 
375 x 1+ (grilse) 
97 x 2+ (MSW salmon) 
Trap Sample 87 fish 
81 x 1+ (grilse) 
6 x 2 + (salmon) 
Rod Sample 76 fish 
70 x 1+ (Grilse) 
6 x 2 + (MSW salmon) 
An initial study of the age class of Lune fish was undertaken. 
Fig. 1 indicates that both grilse and multi- sea winter (MSW) 
fish caught by the nets and the weight abundance categories 
are depicted by a normal distribution curve. When analysed in 
more detail (Fig. 2 & 3) is apparent that 80% of grilse and 
86% of MSW salmon smolt and migrate to sea in their second 
freshwater year. This is typical of a biologically productive 
river system. Some three year old smolts are present in grilse 
samples (12%) and MSW samples (10%) and is likely these will 
have originated from less productive areas of the system such 
as the Hindburn and the Roeburn which are of lower biological 
productivity. Conversely, a small proportion of one year old 
smolts were recorded, 8% in grilse and 4% in MSW salmon, these 
deriving potentially from a few nutrient rich areas of the 
catchment. 
Historical data suggests this situation is varied with only 
44% of salmon having spent two years in freshwater from 1988 
Lune scale samples and 51% in 1987. In both 1987 and 1988 
adult stock there was a higher proportion of 1 year old 
smolts. 
There appears to be no significant difference in the 
freshwater age class distribution of grilse and MSW fish of 
adult returns in 1993. This infers that the reason for a 
salmon remaining at sea for one or more years is not 
determined by its age on entering the marine environment. Thus 
some genetic factor or environmental factor once at sea may 
be accountable for the different behaviour patterns of 
individual fish. A similar pattern was found in 1988 and 
1987, although the numbers of younger smolts were higher. 
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The trap and rod catch fish exhibit a very similar age class 
distribution. However, whilst MSW fish represent 
approximately 20% of the net catch they only represent 7-8% of 
the trap and rod data. It is likely that this is partly 
because larger fish have a greater possibility of being caught 
by the nets for any given net mesh size and also, that the 
trap is thought to be selective for smaller fish as the trap 
entrance gates are narrow and may deter large fish from 
entering. Weight breakdowns of grilse and MSW salmon (Fig. 6, 
7 & 8) clearly indicates this net exploitation of larger fish. 
Historical rod caught scale data shows that the proportion of 
MSW fish compared to grilse caught also varies year to year 
with 16% of fish caught in 1987 in this category, whilst in 
1988 the figure was 12%. 
Fig. 6 reveals an overlap in the weights of grilse and MSW 
salmon between 7-14 lbs. The mid-point of this band appears 
to be the weight class of 9-10 lbs. This is further supported 
by trap and rod data. This information can be used for fish 
counter analysis of the stock. 
From net caught data, any fish assigned a weight of >9.51 lbs 
can be classed as a MSW fish with a 13% chance of error and 
any fish weighing <9.51 lbs has a 93% probability of being a 
grilse. The grilse weight breakdown appears to represent the 
expected normal distribution. However the MSW fish appear to 
have several peaks within the weight categories. Further 
analysis incorporating the spawning history of the MSW fish 
(Fig. 9-10) indicates that the majority of previous spawners 
are in the 7-11 lbs weight classes. However a maximum size of 
15-16 lbs was obtained for a fish that had previously spawned. 
These findings suggest that the MSW distribution may be normal 
with the unusual peaks present being due to the limited sample 
size and the spawning history of the sample. 
All the MSW fish recorded in the net catch sample that were 
<9.511bs were previous spawners. These fish would have spent 
some 3-5months less at sea than there maiden MSW counterparts, 
hence their reduced size. It is not typical for 22% of MSW 
fish recorded in River Lune salmon stock to be previous 
spawners. Previous studies have shown 3% (1987) and 2% (1988) 
of River Lune MSW salmon to be previous spawners. Thus the 
accuracy of assessing MSW fish from weight alone may vary 
slightly depending upon kelt survival rates. 
WEIGHT/LENGTH DISTRIBUTIONS FOR SALMON 
Weight in pounds (lbs) was plotted versus length in 
centimetres (cm) . This format was chosen as the data 
collection was mostly by anglers who are more familiar with 
imperial measurements, whereas the length was calculated in 
metric for use with the fish counter. As a large data set was 
available from the nets it was considered as a whole and split 
into monthly samples. (Fig. 11, 12, 13, & 14). The overall 
data set and July and August subsets exhibited very similar 
regression lines and growth rates. However, in June the 
regression equation indicates a slower growth rate and the 
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intercept is double that of the other net samples. This may 
be because the fish in the estuary in June are in peak 
condition having just returned to coastal waters. As the year 
progresses, a mixture of freshly arrived fish and fish held up 
will be present in the estuary. This will reflect in the 
weight/length relationship as will the increase in the 
proportion of grilse against MSW salmon found in the sample. 
Both the Rivers Lune and Kent are known to have a very small 
spring run of fish, and also a run of summer salmon, 
consisting of MSW fish, in July and August. Some of these 
spring and summer fish will be present in the estuary in June 
and exploited by the nets prior to the arrival of the main 
grilse run, therefore affecting the regression during this 
month. 
Comparing the annual net sample to the annual trap and rods 
samples (Fig. 15 & 16) , the growth rates of trap and rod fish 
appear to be greater than those for the net. This may be due 
to the fact that the sampling period for the trap and rods 
continued until October, whereas the nets can only sample 
until the end of August. Heavier fish in both age classes may 
make up a larger component of the sample in September and 
October as they have had longer to feed at sea and thus the 
growth curve may be modified. 
When all the data sets were combined it was found that for 
salmon and grilse:-
Weight(lbs) - (0.0001047) Length(cm)A2.65 
In all the data sets the coefficient of determination was 
>82.5% indicating that at least 82.5% of a fishes weight can 
be accounted for by its length. The overall equation would 
appear to be accurate enough to use for converting fish 
counter lengths to weights of fish for further stock 
assessment and age class determination. 
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SEA TROUT STOCK OF THE RIVER LUNE. 
RESULTS 
SEA AGE OF SEA TROUT 
Net Sample Trap Sample Rod Sample 
An initial break down of age and weight was carried out on the 
stock. (Fig.18-21) 
Both net and trap sea age breakdowns exhibit an expected 
population curve apart from the absence of the 0+ age class in 
the net sample. This component of the population was not 
sampled as the fish would be too small to be retained in the 
nets. Similarly, a percentage of this size of fish could 
escape from the trap under the gates. This problem was 
reduced later in the trapping season by covering the base of 
the gates with wire mesh. If these fish had been sampled the 
bar chart curve would be heavily skewed to the left. 
It should be also noted that there were slightly lower than 
expected numbers of 4+ sea winter fish in the net sample. By 
back calculation, these fish would be associated with the 1+ 
sea winter return of adults in 1990 and the 2+ sea winter sea 
trout return of 1991 both recorded as poor years for rod 
catches in these dominant age classes of fish. 
Freshwater age distribution was similar to that found in 
salmon, with a slightly lower representation of 1 year old 
smolts at only 3%. Just under 82% of sea trout sampled 
smolted as 2 year old fish, whilst 15% remained in freshwater 
for a third year and left as three year old smolts. Two fish 
were recorded as 4 year old smolts, but these appear from the 
sample size to be the exception. 
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WEIGHT/LENGTH DISTRIBUTION FOR SEA TROUT 
Weight breakdown shows a similar distribution to age class, 
showing that the nets do not exploit any fish under a weight 
of 1 lb. 
Weight was regressed against length for net and trap data 
whilst rod data was combined with all data as the sample was 
very small (Fig. 23, 24 & 25) 
In all cases the regression equations were very similar with a 
growth rate of approximately 2.73 and a coefficient of 
determination of >90%. This may indicate that when sea trout 
return to freshwater to spawn, (and as generally they are 
thought to stop feeding) they must neither gain weight nor 
grow in length. Otherwise long lean fish would exist in the 
population and the coefficient of determination would be 
lower. 
This coefficient was higher than that of salmon, although the 
two species growth rates were very comparable despite salmon 
having the added food resources of high sea feeding. 
The similarity of the regression equations for each sample of 
sea trout compared to the variation in the salmon samples may 
be an effect of trap and rod caught sea trout being taken 
between June and August which is the same period as the net 
sample. Most of the salmon from the trap were captured after 
the nets season had ended. 
WEIGHT/AGE CLASS OF SEA TROUT 
As such a high coefficient of determination was found for 
weight to length relationships, the analysis was further 
extrapolated in an attempt to relate fish weight to age.(Fig 
26-28) 
From the net's sample it was found that 0+ and 1+ sea winter 
fish were poorly or not represented. 
For the other age classes the following may be derived; 
Sea age Av. % of fish Max. 
weight(lbs) in avg weight(lbs) 
age class 
2+ 2-3 58% 6-7 
3+ 3-4 31% 9-10 
4+ 5-6 32% 6-7 
5+ 4-5 34% 9-10 
The above ages had the average weights as shown, with a 
variation that tailed off to the maximum weight recorded. The 
6+ to 8+ age classes were represented by a small sample set 
which displayed a broad distribution of weight classes. This 
is probably due to the vast number of different life 
strategies the fish could have adopted by this point in its 
life. 
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Relating this information to the trap data set (Fig 27-28) 
where younger, smaller fish were sampled 
Sea age Av. % of fish Max. 
weight(lbs) in avg weight(lbs) 
age class 
0+ 0-1 90% <2 
1+ 1-2 64% 3-4 
2+ to 4+ sea winter fish were represented by the same average 
weight classes as the net sample. 
These results indicate that many 4+ fish are heavier than the 
5+ fish. This may again relate to the poorer run of fish in 
1990 and 1991, leaving those 4+ year class fish that did exist 
with less competition for resources than the older year 
classes and thus the potential for gaining more weight. The 
largest overlap of weight class and age is within the older 
fish. A definite average weight which represents at least one 
third of the stock can be assigned to younger year classes 
(>4+ sea age) . This data should be helpful for fish counter 
age class studies. 
PREVIOUS SPAWNING HISTORY 
Spawning mark reading information was used to assess the 
population's spawning history. (Fig 29-33) 
The following table summarizes this information:-
Sea age % previously spawned 
Net Trap 
1+ _ 23.5 
2+ 33.3 55.0 
3+ 75.0 84.6 
4+ 100 100 
This information suggests that net sampled fish of less than 4 
sea winters are less likely to have spawned than those fish of 
the same age class caught in the trap. 
This variation may be due to where the fish were caught. In 
the trap sample the fish are committed to spawning as they 
have entered freshwater. The net sampled fish may have a 
considerable number of individuals in the sample which had no 
intention of entering the river to spawn this year, but are 
part of the overall stock. Such fish would not be represented 
in the trap sample this year and in subsequent years would 
have one less spawning mark than their counterparts who were 
caught in the trap this year. 
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In both the net and trap sampled data, all fish over 3+ had 
previously spawned. When a fish returns to spawn, i.e. as a 
1+ or a 2+, does not seem to be dependent on weight as there 
is a large variety of weights of maiden spawning fish. 
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Fig 33 
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Salmon Age Weight Key 1993 
Weight (lbs) 
0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
21-22 
22-23 
TOTALS 
Age 
Grilse 
3 
10 
48 
114 
145 
108 
54 
27 
6 
2 
2 
519 
Salmon 
1 
5 
11 
13 
9 
13 
14 
7 
12 
8 
4 
4 
4 
-
-
1 
106 
Smolt and Sea Life classification for 1993 Salmon Returns 
SEA AGE 
1+ 
2+ 
3+ 
4+ 
PS 
TOTAL 
FRESHWATER AGE 
1 
2 
2 
1+ 
31 
2 
33 
2 
298 
40 
1 
15 
354 
2+ 
102 
19 
4 
125 
3 
58 
10 
68 
3+ 
3 
3 
A 
25 
3 
28 
TOTAL 
519 
74 
1 
0 
19 
613 
(PS = Previous spawner) 
(A = Replacement River Zone) 
Fig 36 
Salmon Age Weight key 1988. 
Weight (lbs) 
0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
Totals 
Age 
Grilse 
5 
18 
28 
12 
9 
5 
6 
1 
84 
Salmon 
1 
1 
2 
1 
1 
1 
3 
1 
1 
12 
37 Smolt & Sea Life classification for 1988 Salmon Returns. 
Sea 
Age 
1+ 
2 + 
3+ 
4 + 
PS 
Total 
1 
6 
3 
1 
10 
1 + 
18 
1 
1 
20 
2 
17 
4 
1 
22 
Fresh Water Age 
2 + 
21 
21 
3 
14 
1 
15 
3 + 
0 
A 
8 
8 
Total 
84 
9 
1 
2 
96 
(PS = Previous Spawner) 
(A = Replacement River Zone) 
Fig 38 
Smolt & Sea Life classification for 1987 Salmon returns. 
Sea Age 
1+ 
2+ 
3 + 
4+ 
PS 
Total 
Fresh Water Age 
1 
32 
5 
1 
38 
1 + 
11 
1 
12 
2 
47 
7 
_____ 
1 
56 
2 + 
5 
4 
2 
11 
3 
4 
•jatKSS^ 
4 
3 + 
1 
1 
A 
8 
8 
Total 
108 
15 
3 
1 
3 
130 
(PS = Previous Spawner) 
(A = Replacement River Zone) 
Fig 39 
Salmon Age Weight key 1987. 
Weight (lbs) 
0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-21 
Total 
Age 
Grilse 
1 
14 
26 
18 
22 
16 
4 
3 
1 
2 
1 
108 
Salmon 
4 
5 
2 
3 
3 
2 
1 
1 
1 
22 
LUNE SEA TROUT TRAP CAUGHT 1993 
SEA AGE 
0+ 
1 
1+ 
2 
2+ 
3 
3+ 
4 
4+ 
5 
5+ 
6 
6+ 
7 
7+ 
8 
8+ 
TOTAL 
FRESHWATER AGE 
1 
2 
1 
3 
1+ 
1 
2 
1 
16 
1 
6 
1 
28 
2 
40 
66 
3 
41 
3 
153 
2+ 
2 
5 
4 
2 
13 
3 
16 
16 
1 
3 
36 
3+ 
-
4 
1 
1 
2 
A 
1 
10 
2 
8 
4 
1 
1 
1 
28 
TOTAL 
60 
0 
102 
6 
59 
4 
22 
1 
7 
2 
263 
PREVIOUS SPAWNING 
1 2 3 4 5 6 
24 
30 
3 
13 
3 
73 
5 
1 
5 
1 
4 
16 
1 
1 
*1 
LUNE SEA TROUT NET CAUGHT 1993 
SEA AGE 
0+ 
1 
1+ 
2 
2+ 
3 
3 + 
4 
4+ 
5 
5+ 
6 
6+ 
7 
7+ 
8 
8+ 
TOTAL 
FRESHWATER AGE 
1 
1 
1 
1+ 
2 
1 
1 
4 
2 
7 
60 
2 
45 
20 
1 
12 
1 
4 
2 
1 
155 
2+ 
3 
14 
2 
4 
1 
24 
3 
4 
1 
13 
5 
2 
2 
2 
29 
3+ 
1 
1 
2 
4 A 
1 
1 
7 
11 
2 
6 
1 
1 
1 
31 
TOTAL 
15 
2 
97 
2 
65 
0 
29 
1 
22 
1 
7 
0 
3 
0 
2 
246 
PREVIOUS SPAWNING 
1 2 3 4 5 6 
3 
33 
1 
30 
4 
3 
74 
18 
17 
1 
9 
2 
47 
1 
6 
9 
1 
5 
2 
24 
1 
1 
2 
1 
1 
2 
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